The rib remnoved might be a rudimentary first dorsal; and it was important to remember that the cervical rib might be very high up in the neck, and the incision must not be made too low.
There was another inconvenience which was met with in two of his cases, and one in the practice of a colleague-namely, that a considerable time after the operation (in one case three weeks and in another two months), and after the scar had been well healed, there had developed a snmall sinus, burrowing deeply into the neck. Such cases gave a good deal of trouble. In one case it did not heal for a year, and in another for eighteen months. He could not give the reason for this, but suggested that it might be due to some peculiarity in connexion with the fixity of the parts and the mobility of other parts in the neck. He asked the meeting to accept his statement that it was not due to sepsis, and he suggested that it was advisable to drain the operation wound for some twenty-four hours, which he had not done in his earlier cases. He was glad to say that none of the difficulties he had detailed as occurring in his experience had been permanent, neither had they militated against the ultimate success of the operation. Some Points in the Surgery of Cervical Ribs. By PERCY SARGENT, F.R.C.S. THE points concerning cervical ribs to which I wish briefly to draw attention are: (1) anatomical, (2) the mode of causation of the symptoms, (3) the value of X-rays in diagnosis, and (4) a brief summary of my own series of thirty-four operations.
(1) ANATOMY.
When dissecting somne tinme ago a brachial plexus obtained from the post-mortem room, I found that I had chanced upon a specimen of the prefixed type of plexus to which the first dorsal root made no contribution, whilst the fourth cervical was abnormally large, and was made up of the three separate bundles, each with a definite distribution, into which the normal fifth root canl be resolved, as was the first demonstrated by Mr. Sydney Scott. A large cervical rib was also present ( fig. 1 ), and I naturally wondered whether there could be any connexion between the two anomalies. Dr. Wood Jones, to whom I showed the specimen, kindly referred me to a paper of his own, in which the correlation of variations in the brachial plexus with well-recognized anomalies of the ribs is fully discussed. Dr. Wood Jones contends that the groove upon the upper surface of the normal first rib is caused by the pull of the lower cord of the brachial plexus, and not by the subclavian artery as is commonly supposed; and he prefers to call the groove, usually named the " subclavian groove," the " sulcus nervi brachialis." Whether or not the groove is produced entirely by the nerve, to the exclusion of the artery, is a point on which I cannot offer any opinion; but there is no doubt that the nerve-trunks do produce well-marked grooves upon the
FIG. 1.
Cervical rib from a post-mortem specimen, showing costo-central and costo-transverse articulations; also its relation to the first thoracic rib and, diagrammaUtically, to the seventh and eighth cervical nerves. normal first rib, as caJn be seen in any well-marked bone ( fig. 2 ). Grooves occupied by nerve-trunks also occur on cervical ribs, over which, in my experience, it is unusual, contrary to the general belief, for the subclavian artery to pass. Such grooves are clearly produced by the pull of the nlerve-trunks which lie upon them, and Dr. Wood Jones has shown that the shape and number of the costal elements are directly related to and dependent upon the arrangement of the nerves entering the plexus. It would seem, therefore, that a supernumerary or cervical rib tends to be associated with a cephalic movement (prefixed type) and a rudimentary first dorsal rib with a caudal movement of the plexus (post-fixed type). Although this is the general tendency, yet it is only true within certain limits, as may be seen in the drawings of my own cases. More recently Mr. Wingate Todd has published a detailed description of his dissections of four specimens, and on this point concludes that " cervical ribs may be present in cases where the composition of the brachial plexus is normal," and that " the disposition of the nerve-trunks alone is in-
Dissection showing the relations of the seventh and eighth cervical and first thoracic nerves to the bones, and the grooves produced by them upon the first thoracic rib. sufficient in manv cases to account for the presence and length of rudimentary ribs."
Rudimentary first dorsal ribs are not so common as accessory cervical ribs, and this fits in with the fact that the post-fixed is not so common as the prefixed type of plexus in man.
A large contribution from the second dorsal nerve, passing out over the first rib would, according to Wood Jones's theory, exert so much pull as to prevent its proper developinent, so that the rib would be membranous instead of osseous at the site of pressure ( fig. 3 ); or the anterior end might be wanting, and the abbreviated rib pressed down upon and fixed to the rib below. Both these types of rudimentary rib are found represented in accessory cervical ribs (figs. 4 and 5). is well shown in fig. 2 . The seventh cervical root lies above the costal process of the seventh cervical vertebrEe, and crosses the first rib just in front of its angle in a definite groove. The eighth cervical root lies in a groove on the head, neck and shaft, and the first dorsal root occupies the posterior part of the sulcus subclaviae. The costal process of the seventh cervical vertebra, therefore, projects between the seventh and eighth roots. This may be taken as the normal condition of affairs. When this costal process attains sufficient size to constitute a cervical rib it almost invariably presents a knob which --:
Relation of the
separates two nerve-roots? commonly the seventh and eighth. The eighth usually passes below and in front of the rib. This knob is an almost constant feature; it can be traced upon nearly all my specimens, and can usually be seen clearly in skiagrams.' In one instance, in which the rib was fused with the first dorsal, the eighth root lay below the rib at its point of emergence, and thereafter passed superficially to its anterior end ( fig. 5 ). This is exactly comparable with plexus. This last case supports the theory of Wood Jones, that the pull of the nerve passing over the rib is the cause of its abbreviation.
In the majority of my cases (twenty-two out of thirty-four) I have found that the accessory rib is continued onwards as a tough fibrous band, which represents. its non-ossified part. It is exactly comparable with the fibrous continuation of the rudimentary dorsal rib shown in fig. 3 . To this band I shall refer presently in discussing the causation of symptoms.
The relation of the artery to the rib is of some interest, because it is usually supposed that the artery is carried over the rib with such constancy as to provide a diagnostic sign. This I believe to be erroneous, and I attach little importance to the supposed elevation of the artery in these cases. The distance to which the subclavian artery rises above the clavicle is very variable, and even apart from its actual position with relation to the vertebrae, its situation varies greatly with the position of the clavicle. Not only that, but it is quite easy to mistake the pulsations of the carotid artery for those of the subelavian. Further, a cervical rib may so thrust the artery forwards as to make its pulsations more obvious.
The various positions of the subclavian artery, therefore, may be summed up as follows: It may lie in a groove upon a rudimentary first dorsal rib; when the anomalous bone is a cervical rib of moderate length it may groove either that rib itself or the first rib immediately in front of their junction; when the cervical rib is short, the artery most commonly grooves the first dorsal rib, passing either anterior to or beneath the fibrous continuation of the accessory rib.
(2) CAUSE OF THE SYMPTOMS.
In some instances, no doubt, the injury of the nerves is brought about by the bony part of a long rib, but in the majority of cases the nerves are not in such relation with the bone that they can be damaged against it. The two lowest roots of the plexus are commonly affected, and these are the nerves which are most often found to be in close relationship with the non-bony part of the anomalous rib. In twenty-two of my cases I have carefully observed this non-ossified portion of the rib. It is a dense fibrous cord embedded in muscle, and attached above to the rudimentary bone, whilst below it is most comminionly attached to the first dorsal rib behind the sulcus subclaviae. The band has many times been observed to be tightened by inspiration, and also by traction upon the arm. I have demonstrated this fact several times by detaching the cervical rib completely from its vertebrae, and observing that it is pulled down away from its former level when an inspiration occurs.
The explanation lies in the fact that the band is attached behind the transverse axis of rotation of the first dorsal rib. As the sternum rises in inspiration the posterior part of that rib tends to be depressed, so that the band, the upper attachment of which is immovable, is tightened. One can also observe that as the band tightens the nerves crossing it are partly lifted forwards and partly rolled over. I believe this to be the-manner~~~~~~~~~~~~~~~~~.
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IG. 5.
Cervical rib pressed down upon and fused with the first thoracic rib. in which the nerves are damaged, and the possibilities of such damage are increased by any excessive use of the arm. In some cases the onset of the symptoms is sudden and abrupt; in one of my cases it was during childbirth, and in another whilst lifting a patient. It is easy to see how a nerve which is so related to a tight band that it can be affected by repeated slight injuries can easily be severely damaged by a single sudden traumatism.
It has been suggested that a progressive ossification occurs in the band as age advances, and that this may assist in the production of the symptoms. In most of my cases the bony rib ended abruptly, the transition from bone to liganlent being clear and precise. In two, however, gritty particles were present in the band beyond a vague and indefinite bony tip. These cases perhaps lend some support to the theory of continued ossification, but I do not think there is much to encourage that view. The largest cervical ribs which I have encountered were in the younger subjects, and with the exceptions mentioned the rib ended in a tip consisting of a bony shell denser than that in the interior.
Anything which tends to depress the shoulders, such as muscular laxity, would naturally encourage the onset of symptoms in a patient with cervical ribs; whilst absence of fat from the supraclavicular region would also tend to bring nerve and band into closer contact. No doubt these are accessory causes, but I believe the salient cause to be the constant rubbing of the nerves over a tight band, due in part to the respiratory movements and in part to the movements of the arm.
(3) THE VALUE OF X-RAYS IN DIAGNOSIS.
It is difficulito lay down any rule as to what, in a skiagram, constitutes a " cervical rib." The degree of the symptoms depends in no way upon the size of the bony portion. A small bony knob which might reasonably be considered little more than a large transverse process may be anchored down to the first rib by an extremely firmii band by which the nerve or nerves may be subjected to continual and severe damage. On the other hand, as is well known, a large or even complete bony accessory rib may be present without inconvenience.
Although all the cases in which I have operated have exhibited a definite abnormality of the costal process, I amlnot prepared to suggest that a costal process which in a skiagram shows no trace of abnormality cannot be causally associated with symptoms of injury to the nerves. Increasing familiarity with the condition causes one to attach less and less importaiice to the size of the bone as shown on X-ray examination. I believe that the direction of the bony point of the rib is more important than its size, but I have not yet seen enough stereoscopic views of these cases to enable me to speak confidently on this point. I should, however, not be deterred from operating in a case where the symptoms were those of cervical rib, after eliminating all other possible causes, merely because the radiographer's report was negative.
(4) SUMMARY 0O' CASES.
I have operated upon twenty-nine patients with cervical ribs. In five cases both sides were dealt with, making a total of thirty-four operations.
Sex.-Twenty-six of these patients were females and three males. Age.-The average age was 38-7, the youngest patient being 13 and the oldest 62. Four were under 20 years of age; five between 20 and 30; two between 30 and 40; seven between 40 and 50; and eight between 50 and 60.
Occupation.-Of the males, two were house-painters and one an artist. In all three pain was the most prominent symptom, and all obtained immediate relief from the operation. None of them exhibited any symptoms or gave any history of lead poisoning. Of the females, fifteen were engaged in domestic work, three were seamstresses, two telegraphists, two clerks, one a pianist, and one a letter-sorter. As regards the side affected in these cases, it is interesting to note that with the seamstresses the right hand was affected, with the two clerks and two telegraphists the left; and in the case of the pianist and letter-sorter both hands were affected.
Syrnptoms.-The first symptom noticed by the patient was as follows: Pain, seventeen; numbness, five; clumsiness in the fingers, three; and swelling or coldness of the hand, four. The onset of symptoms was ascribed to a definite exciting cause in nine instances as follows: Excessive sewing, two; use of a sewing machine, one; piano-playing, one; house-painting, two; wearing a heavy overcoat, one; lifting a patient, one; and childbirth, one; in the last two the onset of symptoms was sudden. The average length of time between the onset of symptoms and the operation was over three years, the extremes being one month and fourteen years. The symptoms for which the patient sought relief were: Pain alone, four; pain and wasting, nine pain and numbness, six; wasting and numbness, five; and wasting alone, five. In every case the abnormal ribs were bilateral, though rarely symmetrical; the symptoms, on the contrary, were bilateral in only five of the twenty-nine patients. As a rule, when the symptoms were unilateral the arm on the side of the sm-aller rib was affected; thus in nineteen cases in which the relation was specially noted the symptoms were on the side of the larger rib in only eight. The actual size of the abnormal bony rib bears no relation to the severity of the symptoms.
Operation.-I do not propose to say much about the operative technique, although there are rnany points of detail in this connexion which I believe to be of importance. Briefly to mention one or two, I may point out that an essential to success is aseptic healing, There was no instance of wound infection in my series. A second point of importance is the necessity for gentle handling of all the tissues, more particularly of the nerves; the bony points should never be felt for with the finger, lest the nerves be bruised. If the wound is kept dry, as it easily can be, the parts can be dissected and inspected with the utmost ease. I do not now consider it necessary in all cases to remove the bony rib. When this is very short, and the nerves are obviously being damaged only by the non-ossified part, it is sufficient to divide the band, together with the muscle in which it is embedded. I have done this in two instances with a completely satisfactory result. The operation is thereby considerably simplified. I may mention one other point which I consider to be of great importance-namely, that the superficial cutaneous branches of the third and fourth cervical nerves should be most carefully preserved. They are likely to be wounded if the incision behind the sternomastoid is carried too higb, and this accident may be followed by persistent pain referred to their area of distribution.
Besults.-The immediate result has been bad in two cases. My first operation was followed by a fairly complete paralysis of the upper limb, and this unfortunate sequel was doubtless due to bruising of the nerves against the bones in the attempt to feel the object of attack, with the position of which I was not at that time familiar. Recovery took place slowly, but was not complete when the patient disappeared from observation six months later. The second unfortunate instance was one of complete hysterical monoplegia, for which the patient refused treatment. In this case a functional hemianesthesia, together with loss of taste and smell, had been present before the operation. A few patients showed a transient numbness or weakness of the arm, from which they quickly recovered. For the rest, the most gratifying immediate results were obtained in those cases where pain had been the prominent feature, in proof of which I may remark that all the five patients with bilateral pain asked to have the other side operated upon. I have never done both sides at one sitting. In only one case was the pain unrelieved and in this patient there was reason to believe that the osteo-arthritic changes present in the cervical spine were responsible for the failure.
